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The concept of self is a fundamental characteristic of the human mind, and the alteration of self is thought to be a core deficit of 
schizophrenia. Previous studies have demonstrated that patients with schizophrenia are deficient in self-face recognition. Because 
self faces are not only self-related but also highly familiar, it is unclear whether such deficit arises from the breakdown of the 
self-awareness or the failure of recognizing the familiarity of self faces. Here we directly tested these two alternatives by instruct-
ing patients with schizophrenia to recognize the identity of a morphed face created by blending face features between any of two 
identities from the self face, a familiar face, and a novel face. We found that there was no association between the recognition of 
the self and the recognition of the familiarity, suggesting these two component processes are independent in schizophrenia. Fur-
ther, patients with schizophrenia were significantly worse in recognizing the familiarity of faces than normal participants, whereas 
no difference in the sense of self was found between the two groups. Taken together, our finding suggests that it is the sense of 
familiarity, not the sense of self, that is selectively impaired in self-face recognition in schizophrenia. Thus, our study challenges 
the hypothesis that the deficit in self-face recognition in schizophrenia reflects the breakdown of self-awareness. 
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Animals can recognize faces, but only humans and great 
apes can recognize their own faces [1–3]. Consistent with 
this observation, self-face recognition is associated with 
distinct patterns of behavioral performance [4–7] and neural 
activation [8–11] as compared with the recognition of oth-
ers’ faces. Further, numerous studies have reported that pa-
tients with schizophrenia [12,13] and normal individuals 
with schizotypal personality [14–16] are impaired in 
self-face recognition. Because self faces are not only highly 
familiar [17] but also self-related [18], two related but dis-
tinct theories have been proposed. One interpretation is that 
the poor performance reflects deficits in recognizing the 
familiarity of self faces (i.e., a deficit in the sense of famili-
arity) [19,20], whereas the other argues that the disrupted 
behavior arises from the breakdown of self-awareness in 
schizophrenia (i.e., a deficit in the sense of self) [13,16]. To 
test these two alternatives, we adopted a paradigm to ex-
clude the effect of general cognitive ability and to decouple 
self-face recognition into two component processes, the 
sense of familiarity and the sense of self. We then directly 
examined which component process of self-face recognition 
is disrupted in schizophrenia.  
Previous studies have shown that the sense of familiarity 
and the sense of self are processed independently in normal 
participants [9,11]. First, a left-hand advantage is observed 
only in recognizing self faces, not familiar faces, suggesting 
that the processing of self is dominated in the right hemi-
sphere [4–6]. Second, functional magnetic resonance imag-
ing studies have revealed that different cortical regions are 
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recruited to process self faces and familiar faces respective-
ly [21]. For example, regions such as the superior frontal 
gyrus, medial frontal gyrus, and inferior parietal lobule in 
the right hemisphere are selectively activated in processing 
self faces (versus familiar faces), whereas familiar faces 
selectively activate bilateral temporoparietal cortical regions 
[8–11,22–25]. Therefore, the two component processes are 
dissociable in the normal population, suggesting that they 
can be selectively impaired in self-face recognition in 
schizophrenia. 
In this study, we directly investigated which component 
process of self-face recognition, the sense of familiarity or 
the sense of self, was impaired in schizophrenia. Three 
types of faces were included: self faces, faces of famous 
movie stars (i.e., familiar faces), and faces of strangers 
(novel faces). Because patients with schizophrenia also have 
difficulties in general cognitive abilities [26,27], absolute 
measures of their ability to recognize faces, such as accura-
cy and response time, might be confounded with the general 
deficit. Here we measured the bias in recognizing the iden-
tity of a morphed face created by blending face features 
between any of two identities from the self face, the familiar 
face, and the novel face. If the sense of self is impaired, we 
predict that patients, relative to normal participants, would 
be more likely to classify self-familiar morphed faces as 
familiar faces. In contrast, if the sense of familiarity is im-
paired, patients shall tend to judge familiar-novel morphed 
faces as novel faces. 
1  Materials and methods 
1.1  Participants 
Twenty-four patients with schizophrenia (18 males and 6 
females) participated in this study. They were recruited 
from Beijing Anding Hospital, Capital Medical University, 
China. The patients were diagnosed according to the DSM- 
IV by two experienced psychiatrists following a compre-
hensive evaluation including psychiatric examination, proxy 
interview, and record review. Ten patients were diagnosed 
as the paranoid type, and 14 were diagnosed as the undif-
ferentiated type. The patients had no history of electrocon-
vulsive therapy, and had no substance abuse, mental retar-
dation, neurological injury or disease, or medical diseases 
that may affect brain functions. The patients had a mean 
duration of illness of 5.0 years (SD =3.6). At the time of 
testing, four patients were drug-naïve, and 20 were taking 
atypical antipsychotic drugs (clozapine, risperidone, queti-
apine, or olanzapine).  
Twenty-three normal participants (11 males and 12 fe-
males) were recruited as controls with matched average 
years of education. Normal participants had no history of 
DSM-IV Axis I or II disorders and had no family history of 
psychotic illnesses.  
All schizophrenic and normal participants were right- 
handed, with normal or corrected-to-normal vision. Table 1 
presents detailed demographic information. The study was 
approved by the Institutional Review Board of Beijing 
Normal University and of Beijing Anding Hospital of Capi-
tal Medical University. Prior to the testing, written informed 
consent was obtained from all participants. 
1.2  Stimuli 
There were three face images for each participant: her/his 
own face (the self face), the face of a famous movie star 
who was able to be recognized by the participant at first 
sight (the familiar face), and the face of another participant 
who s/he had never met (the novel face). Of note, faces of 
movie stars, not faces of participants’ relatives, were chosen 
as the familiar faces, simply because the representation of 
relatives’ faces may be associated with that of self faces for 
Chinese subjects [28]. All images are the frontal views of 
faces with an external contour (a roughly oval shape with 
hair on the top and sides) cropped. The size of face images 
was 350350 pixels (10.410.4 visual angle at a distance 
of 60 cm). The self face was mirror-transposed, and the 
gender of the familiar and novel faces was matched to that 
of the self face. The expression of all faces was neutral.  
Morphed faces were generated by photo-morphing soft-
ware (FantaMorph). The software gradually blended facial 
features between any two of the three types of faces using 
40–80 anatomical landmarks (e.g., points on eyes and nose) 
that were manually aligned for each face pair. The morph-
ing step was 5%, thus resulting in a series of 19 morphed 
faces plus two original faces (Figure 1(a)). Note that the 
faces shown here are not those of the participants but those 
of two volunteers who have seen this manuscript and figure,   
Table 1  Demographic information of patients and controls a) 
 Patients (n=24) Control (n=23) 
Age 27.1(6.6) 23.0(4.0) 
Education (years) 12.4(2.2) 13.7(3.1) 
Gender (M/F) 18/6 11/12 
PANSS 64(12.5) – 
Drug dosage (chlorpromazine equivalent) 409.7(231.6) – 
a) Values are given as mean (SD); PANSS, Positive and Negative Syndrome Scale. 
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Figure 1  Experimental procedure and data analysis. (a) Exemplar stimuli of a self-novel pair. Morphed faces were created by blending facial features of a 
self face (left) and a novel face (right) at steps of 5%. Numbers below each image indicate the percentage contributions from the self face and the novel face 
respectively. Mosaic-like images were created by scrambling either the self face or novel face. (b) Identification task. A morphed face was presented for 1 s, 
followed by a fixation for 1 s with a jitter of 200 ms. Participants were required to categorize morphed faces according to the identities of the original faces. 
(c) Results for a typical patient. Each dot represents the patient’s judgment of morphed faces at a different level of morphing. The curve is the fitted line from 
a logistic psychometric function based on the participants’ raw response. The dotted line indicates the percentage of the novel face at the psychological 
switching point (i.e., 50% probability).
and have provided written consent for publication. Addi-
tionally, original faces were scrambled into mosaic-like 
images (scrambled faces) for catch trials. Four scrambled 
faces were created for each series. Thus, for each participant, 
there were three series of morphed faces (i.e., self-familiar, 
self-novel, and familiar-novel), each of which contained 21 
faces and four scrambled faces.  
1.3  Experimental procedure 
The experiment consisted of three blocks—the self-familiar 
block, the self-novel block, and the familiar-novel block, the 
order of which were counterbalanced across participants. 
Within a block, images were presented sequentially at the 
center of the screen in a pseudorandom order. Each mor-
phed face and each scrambled face was repeated eight times 
within a block, totaling 200 trials per block. In a trial, an 
image was presented for 1 s, followed by a central fixation 
for 1 s with a jitter of 200 ms (Figure 1(b)). Participants 
were instructed to make a two-alternative forced-choice 
(2AFC) to indicate whether the morphed face was more 
similar to one or the other possible identity. For example, in 
the self-familiar block, participants were instructed to de-
cide whether a morphed face was more similar to the self 
face or the face of a movie star. Choices were made by 
pressing one of two buttons with one hand. Trials with 
scrambled faces served as catch trials, and participants were 
instructed to press a button with the other hand when they 
observed a scrambled face. The button press was counter-
balanced between hands within participants. For example, 
in one half of the blocks, the left hand was assigned to press 
a button in response to morphed faces and the right hand 
pressed a button for reporting the presence of scrambled 
faces. The assignment of hands in pressing buttons was 
switched in the other half of the blocks. All participants 
were seated 60 cm from the screen and finished all three 
blocks. 
1.4  Data analysis 
Trials with no response or more than one response were 
excluded (3.4% of all trials), and the data for the famil-
iar-novel block of one patient was also excluded because 
the correct response to the catch trials (37.5%) was not sig-
nificantly higher than random guessing. In addition, the data 
for the self-familiar block of two patients and the data for 
the self-novel block of a control participant were unavaila-
ble owing to computer hardware failure. 
To locate the categorical boundary of participants’ re-
sponses to morphed faces, a logistic psychometric function 
with a maximum likelihood criterion was used to fit the data 
for each face pair and for each participant. The categorical 
boundary, or the psychological switch point, was the point 
where participants had equal responses to both identities. 
The percentage of morphing at the switching point was then 
defined as the bias for each face pair and for each partici-
pant (Figure 1(c)). The bias served as a measure of ability in 
recognizing one type of face relative to the other. 
Specifically, the bias in the self-familiar block was de-
fined as the percentage of the familiar face (versus the self 
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face) in the self-familiar morphed face at the switching 
point, with a larger value indicating a higher tendency of 
identifying the morphed face as the self face. Because the 
self face and the familiar face were both familiar to partici-
pants, the value of the bias was mainly affected by the sense 
of self. Therefore, the bias acquired in the self-familiar 
block was a measure of the sense of self (i.e., the self bias). 
Similarly, the bias in the familiar-novel block was defined 
as the percentage of the novel face (versus the familiar face) 
in the familiar-novel morphed face at the switching point, 
with a larger value indicating a higher tendency of classify-
ing the morphed face as the familiar face. Because the fa-
miliar face and the novel face mainly differed in familiarity, 
the bias in the familiar-novel block provided an index of the 
sense of familiarity (i.e., the familiarity bias). Finally, the 
bias in the self-novel block was defined as the percentage of 
the novel face (versus the self face) in the self-novel mor-
phed face at the switching point, with a larger value indi-
cating a higher tendency of identifying the morphed face as 
the self face. Relative to the novel face, the self face was 
both familiar and self-related; therefore, the bias in the self- 
novel block was affected by both the sense of familiarity 
and the sense of self, thus providing a measure of a general 
ability in recognizing the self face (i.e., the self-recognition 
bias). 
Ideally, if there were no bias toward to either identity of 
morphed faces, the value should be 50%. However, regard-
less of how carefully face stimuli were matched, low-level 
differences across stimuli remained. Therefore, instead of 
comparing patients’ biases to the absolute value of 50%, we 
compared them with normal participants’ biases when they 
performed the same task. In other words, we used normal 
participants’ biases as the baseline to evaluate patients’ bi-
ases. 
Outlier biases (i.e., 1.5 IQRs above the third quartile or 
1.5 IQRs below the first quartile; IQR: the interquartile 
range) were excluded from further analyses (4.8% of the 
data). Statistical analyses were Pearson’s correlation anal-
yses, repeated-measure analyses of variance (ANOVAs), 
and independent two-sample t-tests. 
2  Results 
To examine whether self-face recognition in patients with 
schizophrenia was independently modulated by the sense of 
self and the sense of familiarity, correlations between biases 
were calculated. Figure 2(a) shows the results of correlation 
analyses. As expected, correlations were found between the 
self bias and self-recognition bias (r = 0.58, P = 0.005), and 
between the familiarity bias and self-recognition bias (r = 
0.40, P = 0.058), indicating that both component processes, 
the sense of self and the sense of familiarity, contributed to 
the recognition of self faces. Importantly, no significant cor-
relation was observed between the self bias and familiarity  
 
Figure 2  The deficit in the sense of familiarity in self-face recognition. (a) 
Correlations among the sense of self, the sense of familiarity, and self-face 
recognition. Both component processes were correlated with self-face 
recognition, while they were dissociated from each other. (b) Behavioral 
performance of patients and normal participant (i.e., controls). The patients 
were deficient in recognizing the familiarity of self faces as compared with 
the controls, and there was no significant difference in the sense of self 
between groups. The Y axis indicates the magnitude of the bias. * P < 0.05. 
bias (r = 0.25, P = 0.246), suggesting that although self- 
face recognition was modulated by both the sense of self 
and the sense of familiarity, the two component processes 
were dissociable. Next, we examined which component 
process of self-face recognition was selectively impaired in 
schizophrenia.  
To this end, we compared the behavioral performance of 
the patients with that of the normal participants. A two-way 
ANOVA with participant group (patient versus normal) by 
type of bias (self versus familiarity versus self-recognition) 
showed a significant interaction (F(2,70) = 4.98, P = 0.01) 
(Figure 2(b)). Post-hoc two-sample t-tests further revealed 
that the familiarity bias observed in the patients was signif-
icantly smaller than that for the normal participants (t(41) = 
2.16, P = 0.04), suggesting that the patients were deficient 
in recognizing the familiarity of faces. In contrast, there was 
no significant difference between two groups in the self bias 
(t(40) = 1.44, P = 0.16) and in the self-face recognition bias 
(t(42) = 0.52, P = 0.60). This observation was further con-
firmed by a two-way interaction of the participant group 
(patient versus normal) by type of bias (self versus familiar-
ity) (F(1,37) = 6.97, P = 0.01).  
3  Discussion 
In this study, we directly tested which component process of 
self-face recognition, the sense of familiarity or the sense of 
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self, was impaired in schizophrenia. In accord with previous 
findings for the normal population [9,11], we found that the 
sense of familiarity and the sense of self were processed 
independently in schizophrenia as well. More importantly, it 
is the sense of familiarity, not the sense of self, that was 
selectively impaired in self-face recognition in schizophrenia. 
Taken together, our study provides evidence against the hy-
pothesis that the deficit observed in self-face recognition in 
schizophrenia arises from the breakdown of self-awareness. 
The dissociation in recognizing the self and the familiar-
ity of self faces in schizophrenia is consistent with previous 
findings for the normal population [9,11]. Note that the lack 
of correlation between these two component processes in 
the patients cannot be accounted for by insufficient statisti-
cal power or differences in stimuli, because both processes 
were correlated with self-face recognition. In addition, our 
finding is consistent with previous studies reporting that 
patients with schizophrenia are deficient in recognizing the 
familiarity of faces [19,29–32]. On the other hand, no defi-
cit in the sense of self in self-face recognition was found for 
the patients tested. Instead, the patients, relative to the nor-
mal participants, tended to identify self-familiar morphed 
faces as the self face, implying that the sense of self in 
schizophrenia may not be diminished, but rather exaggerat-
ed [20]. Taken together, our study suggests that the poor 
performance in recognizing self faces arises from impair-
ment in the sense of familiarity, not the sense of self.  
Several important issues remain. First, our finding does 
not argue against the idea that the alteration of self is a core 
deficit of schizophrenia [13,33–39]. Instead, we argue that 
the deficit in recognizing self faces in schizophrenia may be 
not associated with the alteration of the self. Experimental 
paradigms that measure the hemispheric asymmetry in self 
processing [13,16], for example, may provide a better way 
of characterizing how the concept of self is represented in 
schizophrenia. Second, a previous study with a similar par-
adigm failed to find any deficit in processing either the fa-
miliarity or the self of self faces in schizophrenia [13], 
which is inconsistent with our finding. One possible reason 
for the different findings is that in our study faces were 
morphed at a finer scale (5% versus 12.5% in Kircher et 
al.’s study [13]), and the bias derived from the fitting of a 
logistic psychometric function was used to index the pa-
tients’ behavioral performance in recognizing self faces. 
Therefore, our study may provide a more sensitive measure 
of the self-face recognition in schizophrenia. Third, schizo-
phrenia is a spectrum of disorders, and thus highly hetero-
geneous and sophisticated. It would be interesting to exam-
ine whether different types of schizophrenia show distinct 
patterns of deficits in self-face recognition by first classify-
ing patients into relatively homogeneous sub-groups. 
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